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SELENIUM STABILIZED CARBENIUM IONS. 

LEWIS ACID MEDIATED SELENO-ALKYLATION OF KETONES. 
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Department of Chemistry 
Facultes Universitaires Notre-Dame de la Paix 
61, rue de Bruxelles, B-5000 NAMUR, Belgium 

Silyl enol ethers of ketones can be successfully selenoalkylated by Lewis acid 
activated seleno-ketals ; the product 6-seleno-ketones undergo interesting oxidation- 
deselenation reactions. 

We have shown recently that carbenium ions are efficiently stabilized by two 
1 

and that 1,3-bis(seleno)-propenes 
2 

methylseleno groups as well as l-bromo-ii- 

phenylseleno-2-propenes 
3 

can be activated by a suitable Lewis acid for the introdution of 

selenium stabilized ally1 cation equivalents into electron rich aromatic rings such as 

furan, 2'3 pyrrole, 293 thiophene 3 and trimethoxybenzene.3 

In this letter we wish to report our preliminary results on the in situ production of 

saturated carbenium ion like intermediates stabilized by a single selenium atom which carry 

out seleno-alkylation of silyl enol ethers in good to excellent yield (Scheme I). 4 
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In a typical experiment 0.24 ml (2x10 
-3 

moles) of SnC14 are dissolved in 1.5 ml CH Cl 

under argon and cooled to -4OOC. Addition of a solution of 230 mg (10 
-3 

2 2 
mole) of 

2,2-bis(methylseleno)-propane in 0.5 ml CH2C12 is followed by 340 mg (2 x 10 
-3 

moles) of 

1-trimethylsilyloxycyclohexene dissolved in 0.5 ml of the same solvent. After 1.5 hrs of 

stirring at -40°C, the reaction is quenched with aqueous bicarbonate. Extraction with 

ether and purification (Si02 plate, eluent ether/pentane 10/90) yields 195 mg of ketone 3a - 

as a pale yellow liquide (84 %). 

If only 1 eq. of silyl enol ether is reacted with 1 eq. of selenoacetal, the reaction 

times are significantly longer (6-10 hrs) and the yields are somewhat lower (ca. 70 % for 

5) and some diselenide can be isolated from the product mixture. 

Scheme I shows that encumbering of the cationic center with bulkier Rl and R2 groups 

inhibits the reaction (entries d and e), while the presence of a phenyl group makes the 

formation of the cation easier and 3b and z are obtained in high yield. Also, the - 

presumed less effective stabilization of the carbenium ion by a phenylseleno group (entry 

f) without causing steric inhibition, seems to make of such precursor seleno-acetal 

excellent alkylating agents. 

Among the few other Lewis acids we have tried tin tetrachloride appeared to be the best 

suited for our purposes. Thus Tic14 at -4OOC gives only 17 % of z after 2.5 hrs of 

reaction, decent yields could however be arrived at O°C (71 % of 2 together with some 

dimethyl diselenide). Use of mixtures of TiC14 and Ti(OiPrj4 as well as of silver salts 

gave rise to sluggish reaction mixtures from which variable amounts of products 3, starting 

acetals 2 and diselenides could be isolated. Further characteristics of these alkylation - 

reactions are illustrated in Scheme II. 

Seleno-alkylation of 1-trimethylsilyloxy-6-methyl cyclohexene proceeds in good yield 

and totally regioselectively (Scheme IIa) ; it is also efficiently applied in the case of 

1-trimethylsilyloxycyclopentene (Scheme IIb). 

While steric crowding of the silyl enol ether does not seem to inhibit the alkylation 

reaction significantly in the case of open chain compounds (Scheme IIc), we were unable to 

detect the expected product in the case of 1-trimethylsilyloxy-2,6-dimethyl cyclohexene 

(Scheme IId) even after prolonged reaction times. 

A further limitation of these seleno-alkylation reactions has been encountered in the 

case of the selenoacetals 2 derived from aldehydes (Rl = alkyl, R2 = H or R1 = R2 = H). 

Indeed, neither l,l-bis(methylseleno)-ethane nor bis(methylseleno)- methane did produce 3 - 

when reacted with 1 under the usual conditions. - This surprisingly strong effect of the Rl 

and R 2 substituents needs further investigation. 

In spite of the large amount of work that has already been devoted to and the most 

valuable results reported for Lewis acid mediated alkoxyalkylation 
5 

and thioalkylation 
6 

of carbonyl compounds, we believe that our selenoalkylation reactions are interesting in 

several respects. They represent a new route to B-seleno carbonyl compounds, which were 

only accessible until now through Michael addition of selenols to a,R-unsaturated carbonyl 
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Scheme II 
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derivatives. Compounds of type 3 may in principle be further transformed in many different 

ways ; one of these is illustrated in Scheme III. The well known selenoxide elimination 

leads to 5, while to our knowledge, formation of 4 is an unprecedented reaction. 
7 

Work is in progress to extend the scope of the selenoalkylation reactions and to 

investigate subsequent transformations of the product B-selenocarbonyl compounds. 
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Scheme III 

eR 

It 5 

R Conditions Yields (Xl 
(oxydont/ t" / time) 

Ph 1Oeq. H202/THF/0°/10 min 62 trace 

Me 1Oeq. H202/THF/0°/10 min 58 14 

Me loeq. H202/TW/-78°/15 min 45 23 

Me 1Oeq. H202/THF/-lOOa/ min trace 69 

Me 1.2eq. mCPBA/CH2C12/-780/15 min 0 72 

Me 4eq. tB&OH/8eq. A1203/THF/-780/2hrs 0 80 

0 

+ w 
6 

trace 

4 

10 

trace 

trace 

0 

The Administration Gb6rale de la CoopPration au D@veloppement (A.G.C. D.) is gratefully 
acknowledged for a fellowship to K.M.N. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

References and notes 

L. Hevesi, S. Desauvage, B. Georges, G. Evrard, P. Blanpain, A. Michel, S. Harkema and 

G.J. van Hummel, J. Am. Chem. Sot., 1984, in press. 

M. Renard and L. Hevesi, Tetrahedron Lett., 3911 (1983). 

S. Halazy and L. Hevesi, J. Org. Chem., 5, 5242 (1983). 

All the structures proposed agree with IR, NMR and Mass spectral data of the compounds. 

a) T. Mukaiyama, Angew. Chem. Int. Ed. Engl., Is, 817 (1977) and refrences cited 

b) W.L. Mock and H.-R. Tson, J. Org. Chem., 46, 2557 (1981) 

cl 

d) 

e) 

a) 

b) 

c) 

d) 

e) 

f) 

g) 

E. Nakamoura, Y. Horiguchi, J. Shimada and I. Kuwajima, J. Chem. Sot. Chem. Commun., 

796 (1983) 

P. Duhamel, J.-P. Poirier and L. Hennequin, Tetrahedron Lett., 1471 (1984) 

V.M.F. Choi, J.D. Elliott and W.S. Johnson, Tetrahedron Lett., 591 (1984) 

I. Paterson and I. Fleming, Tetrahedron Lett., 993 (1979) ; ibid., 995 (1979) ; 

ibid., 1519 (1979) ; ibid., 2179 (1979) 

M.T. Reetz and A. Giannis, Synth. Commun., 11, 315 (1981) 

I. Paterson and L.G. Price, Tetrahedron Lett., 2829 (1981) 

D.J. Ager, Tetrahedron Lett., 419 (1983) 

T.V. Lee and J.O. Okonkwo, Tetrahedron Lett., 323 (1983) 

I. Fleming and J. Iqbal, Tetrahedron Lett., 327 (1983) 

I. Fleming and J. Iqbal, Tetrahedron Lett., 2913 (1983) 

More details will be reported in a forthcoming full paper. 

(Received in UK 5 July 1984) 


